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From Harvard University

Richard Wilson Professcr

T. Kirk Assistant Professor
J. Pilcher Assistant Professor
I.. Verhey Research Fellow

one or more graduate students and probablv one more research

fellow

Professor C. Rubbia has agreed to belp with the experiment and
apparatus, during Sevtember 1970-Julv 1971, e is unable to commit
himself to work on the experimenc itself because of

to the ISR at CFRN., He will join in the experiment onlv if scheduling

pernits.,

Thomas L, Collins Aszociate Director
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It is our intentionicollaborate in this experiment with Professor

A. Watterbers and his group at the University of Illinois, FPraccical
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instance, but we have agreed ro proceed tozether, and expect to com-

bine the two prorosals inte a sinzle deocument at a later staze.



ABSTRACT

We bropose to investigate the asvmptotic properties of the Kop
andaigp cross sections from 40 GeV to 200 GeV by the method of neutral
kaon regeneration in liquid hvdrogen. Both the difference in total
cross section and_the regeneration phase will be determined to a
precision of better than ld% up to approximately 160 GeV, and with
decreasimg precision to 200 GeV.

The apparatus we propose Lo use ig of a standard reliable type.

. 11
The neutral beam is derived from a target intercepting 1077 pretons

at 400 .GeV in the main accelerator ring. In this way, an experiment

of major importance can be done very earlv in the NAL progranm which

i

cannot otherwise be attempted until the advent of Area 11



I. Neutral Kaon Reseneration at 400 CeV

In this experiment we propose to measure KL -+ K, regeneration

S

o

on hydrogen at energies from 40 GeV to 200 GeV; both the magnitude

and the phase will be determined. The magnitude comes directly, and

r
[

the phase comes from interference with the CP vielating amplitude
+ -
KL ol (T
Much intensive study has been and is beinz made of the CP vio-

lating amplitudes. They are well enoush ¥nown now, and will become

better known. We assume below that they are known,
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Am = mo- mg (units of Tg

)

L = length of regenerator in lsberatery (cm)

are constants,

either measured or assumed well known.

theorem can be applied to this formula to yield:
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where:
Ao = Gtotal(Kop) - Crtotal(’;\;—c;p)
sin ¢, = In 1[£(0°)-F(0°)1/]£(0°)-F(0°) |

This is the regeneration amplitude just at the downstream edse

regenerator normalized to the cufgeing X flux. At
= j q
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downstream of this edge,
the CP violating KL > 7

given by:
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Then equations 1-2, 1-3 and 1-6 enable us to determine:

ctal(igg) - In [£(0)~£(0)]

(KOP) - =

Stotal t

to an accuracy of 107 up to 160 GeV and slightly less accurately to

200 GeV. We also determine:

These two parameters, determined

physical information obtained in this

r al
Section I these arve exciting to know, and should ba

still zsk now to do such exvariments to gain the best possible infor-

3 1 -1 = Y vy 3 § R B TN 15 1
mation at the nilghest ercercy and at the earliest possible date. Dur




practical beam angle,

VWQ suggest the internal target because it can provide kaon
energies a good deal higher than can be practically attained in the
presently planned neutral beam in Area II. This is true mainly
because one cannot target 400 GeV protons in Area II; as a result,
the angles at which one can get an appreciable flux of 200 GeV kaons

are completely under the proton diffraction peak and the neutron

flux is overwhelming. This was discussed {(for example}by Smith in

£

the 1968 NAL Summer Study§8.5—68~l7}. Because we view a target on

which 400 GeV protons are incidenc, we get a subacantial increase in
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11.. Justification of the Exveriment

One of the particularly simple predictions of high energy
total cross sections is’that as the energy tends to infinity, the
particle cross sections become equal to the antipartiéle Cross sec—
tions. A stronger prediction is that both tend to a constant.

The latest data on this subject ~- including recent data from

,f—

Serpukhov -— are shown in two accompanving figures. Ar 60 Gev/c the

P, =P K¥P, K™P cross sections are not approaching each other as
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orde

[-PRN = R - > ~ A DR 1T
Trom 20 Gewv oumwacds., 1t by darzer and Fnill
. a9 iy diffaronraz
wd o [ WL L L oL LS e |
-~~~ .
T Lo PRGN
B e e S S L [
. ZITIoT On Cross SeCLL0T mMeasursranis
i - ~~t - w3 remng R N \ - -
ro 2 o00sr oL L seoknts JOULA De nadeqiiace Lo
.
- - 3 Filp ——
z M i TLC

foin
93]
@]

L0 s50Lvinz
S& medsureTonis
— |
) Vo i e vind
LR R A S A R




¥

28

o FOLEY et al

27¢ o ALLABY et al &7

26

1
<
42\

25

¢ [mb]
]
!
i
!
§
o
=
{3—
19
!
\{—é‘{»
__0_“7\:}'_‘
N
~

24+ / ¢’

gle)

@
!
|
s
)

23

21 . — -
0 03 0.2 03

£ (GoV)T
-1/2

Total cross sections for = = n nlotted apairst © vhere ©
) vainst © , ut o

is the lahoratorv enerzv of the ircident pion



ba

TERGET:  p

FOLEY A

CALERAITH v @

IHEP CERMN o ©

e

PP
pn
pn
pp

(mb)

TOWAL CROSS SECTIONS

r

(.l

7/”« ~
b 1
»jﬂ
fh
{
tro thad

35—+ ' ’

30

s 2 a2 ) . ) 2 Y %
ol "*a‘}—eﬁ»\,‘;* X = e M -~
L &8 T ¥ Z g 3 CAN- 2 k3
22 [ | 1 L : *

10 20 30 €0 &0 €0 70

L
Ix 702 s AN, S S S 4 :
-~ S L -~ “ .y o L 4
C@ 3 }\. = T i A _2 i handl i i
3 _J e

15 1 1 1 ]

0 2 &0 70

&
&
(€]
0y
i

P (G2k)

Regze model fit of Rarger and Phillips.




*313 SAETTTIYd--a28xey 911

> - B . - B - + e - - . l.-H
gursn ‘¢ SOT4I9UD YITY~-vIAITN 03 SUOFIVLS ZESTol o] _.mu:u. a3 Jo uorionalodd

vl

(ne9)
@Q me“ @m ol

Fiove v ¢ & [ LI ¥ TV [ w3

h 2

4
eg =(ne) o —
o

S = (NN) 50 —

g\%”\m
i

3

3
*




for NAL was made cleaf in the report by Wattenberg to the NAL Summer
Study in 1968. We propose to measure the regeneration amplitude in
hydrogen which for a thin target is proportional to the difference
between KOP and K P cross sections; see eguatiens 1-2 and 1-3., 1In

addition we note:

_ o] O

In (£-£) = ’-Eif1-—féf- (by the optical theorem)

k 4‘”‘ P 4 p n LER3

) . Og+p
= (by isotepic invariance) e
We will also measure the sum (c< s + oF P) directly, by absorption.
£ I
o

The real part of therregeneration amplitude is related to the
imaginary part by a dispersion relacion. Similar dispersion rela-

1

tione may be written for all high energv amplitudes and are linear.

analvitic properties determine the subtraction constants

and pole terms. “e expect, therefore, a relation similar to:
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A UBump' in Im [f{(E)-f(E}] of a Gaussian or Lorenzian shape
. . - . _ 2
gives a change in Im [f(E)-f(E)] varving as l/(i—EO) whereas the
change in Re [F(E)- E(F)} varies as 1/(P—E ) and is therefore detectahle
much further from the bump.
However, we do not measure Re [£(E)-f(E)] directlv, but only the

phase [equation 1-6] b = Arg [i(£-6)1.



is constant, the ratio:

For example, if ¢ - G
PR 35 v p T %% p
0 o
2 E
tan = - — log =
¢f LT =M
as shown by Martin.
Since below & Bev the phase tan $f & 41, we expect a change of
sign. A typical curve could be as shown in the figure. But we can
¢f = 0 or stays constant. In

also consider the possibility that tan

verv imnortant: it is compar-

any case it must be measured.
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ITY., EXPERIMENTAL METHOD

We expect to produce a neutral beam from an internal tar-
get at the begiﬁning of one of the long straight sections in
the main ring. The beam will emerge into a solid angle of
approximately 2.5 x 10~7 ster. at an average angle of 7.5 mr
relative to a cizculating beam oI 4U0 GeV protons. The number
of interacting protons necessary to produce a good experiment
is approximately 1Qﬂ per burst, and perhaps 1016 total. The
scheme by which we expect to achieve such a beam is ocutlined
in such detail as can be known at present in Appendix A. In
general, wé believe the requirements can be conservatively met
within the design parameters of the system, and more impor-
taﬁtly, very early in the life of the accelerator. TFor the
purposes of the remaining discussion, we will assume the

existence of such & beam.
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for processing cff-line. We expect that the PDP-15 will be

atle to reduce somewhat the data on-line as well as monitor

o

the performance of the apparatus.
The geometry of the situation causes the neutral beam to

enter the beam area at a depth 5 meters below ground level.

Tt

This suggests to us that the electronics be placed in a

Ga

counting room above the apparatus. This is optimal from the

cint of view, and should have cost

occur when neutral kaons having

- G gy Py | I *
into two cnarged

e

This decay moda

e . 1 = 3 = - = T 1 s
represants only a Iraction of g nercent of all the kaon de-
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et L - ey . g - ) P S
cays wiiCil <an occur, ine Conerlioiors O Chsa 7T 77 mouse are
1 T apd i 7 w7 3 o -1 P ~ SR R
the CP wviolating X dscays, the cohersntly reganesrated X

I
[92]

. s . et 4 i -
decays, and ths inconarently regensratsd X decays., It isg
S
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the interference amplitude betwsen the first two processes
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the analogous experiments being contemplated with charged
kaons. It is a primary reason for doing this experiment.

The two charged pions are collected with very high effi-
ciency over most of the decay region in a large H-magnet
placed astride the neutral beam., The pions are strongly bent

in the magnet and then pass into the absorber at the rear of

-

. . . . m
the apparatus. Their behavior here, combined with &asssfor-

mation from scintillation counter hodoscopes at the end of
the decay region produce a trigger pulse to the spark cham-
bers. After sparking has occurred, the ccunter and core in-

fermation is read out to the PDP-15 and preliminary analysis

ol

partially re-

& -

e
»

including track resconstruction is made. Thi

duced data is then written on magnetic tape for later analy-
g T b

e}

'sis. The data is alsc scrutinized at this point by the moni-

tor progzam for evidence of malfunction or drift in the
apparatus. Other test routines are employed between beam
pulses for monitoring purposes. This sort of approach is

very standard by now and necessary for doing reliable experi-
ments.

In addition to the two pion decays that we are most
interested in, there are X  decays which can be very valuable

for determining the besm momentum spectrum and the acceptanc
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of the apparatus. We will certainly record data of this sort
on a shared time basis with two pion decays. 1In principle,
some physics can be gotten here, but is primarily CP vicla
tion parameters, and we expect that these will already be
well in hand by the time we run. We prefer to view the CP
violation at this point as a fantastic interferometer, God
given and ready for exploitation in unraveling the energy

dependence of thz ¥ nuclecn asymptoiic scattering behavior!

‘!.

Background in this experiment can be caused by neutron

production of X_, in the target and by incoherent KL regenera-

o

tion. Most of the background problems are already known in

regeneration experiments at low energy; they have been suc-

cessfully dealt with and no sericus energy dependent problems
are anticipated.

We have attempted only an outline ¢f the approach wa
expect £o use in order not to obscurs the general picture

with technical details. These are ccovered in much mors da-
tail in the "avpendices for readers wno wish to inguire, In
genaral, however, we feel the experiment is technically well
within the bounds of current technclogy, and most of the
problems have besn m2t and solved by the suthors in previous

. . . q
eA“E”W”“DCS it Loisg Xieid,
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IV. NAL Contributions

This experiment requires the establishment of a neutral beam
from a parasite target inside the main ring. A building to house the
experiment at the end of the beam transport will also be needed. Thesé
two requirements go somewhat beyond the scope of the announced policy
of exploiting 'nmooks and crannies,'" but we believe the physics which
can be accomplished justifies the effort. Preliminary discussions with
members of the NAL staff have indicated no serious technical problems
with our beam needs.

In addition to the two major items mentioned ahove, we have a

requirement for two more large pieces o

=

equippent of a more conven-

e

tional nature. The first is a large 1 id hvdrogen target; the

e
W0

)

-

second is a long vacuum chamber. These two 1tems are larve in size
but s straightforward in design and should not cost a zreat deal.

We will also require electric nower and cooling water for our
analvzing magnet. These reauirements are discussed in turn below.
Tarzet aund Feanm

We envision a target which is designed to intercept 10" interac-
[ o
ting protons at a machine encrgy of 400 GeV, If the machine is

initially operated at this intensitv or slightly greater, the

T
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3
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will be permitted to intercept a fair fraction or all of the bean.

1 =
' .

and accalerat
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ear intens :

Later, as the machine reaches its -

"3J
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1077 protons to 400 GeV for use in area 3, we would expect the inter-

rye

nal target to be changed to intercept a vervy rmuch smaller fraction

of the beawm. At any rate, the intensities recuired for regeneration

n
-
e
[a
[

1 ; .
es are completely adeguate at 10‘1 interacting protons; this

s

number should be compatible with the limits on permitted heam losses

insid

47

the main ring as stated in the NAL Design Report.
The beam is extracted in a direction such that it just clears

the first magsnet deownstrean of a long straieht section., The bear

el

then nasses through a brass collimator which determines the solid
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This geometry limits the neutral beam to a closest approach of 6.7 wr;
we will attempt a beam at an angle more like 7.0 vy for safety's sake.
Tﬂe beam is then transported a sufficient distance to clear the
main ring earth shield. This may be 800 to 1000 feet from the target.
At this point the beam enters the experirmental area and passes through

@ 1

a final collimater. The first collimator is the stop of the system.

4

The sacond ‘and third act only to intercept the beam halo. A vacuun

transport of the beam 1s necass
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netic spectrometer, These items will require another 40 meters
total. The total length of the apparatus and heance t

becomes 110 meters, The transverse dimensions of the building are

set primarily by convenience, but a sensible size wmight be & meters

=y

1
l

wide and 6 meters high., Access to the rear of the building by truck

should be provided in order to install and remove hzavy equipment.
5o

1

An overhead crane with masheed paci
The largest vpart of the tarset weighs 45 tons.
a

be provided in a room above the maanaet rezion., The beam height at

o
[§)

the target is about 3> meters below zround, so an excavation will

necessarv for the building.

1

with a diam=ter of about 30 cm. The nhvsics of the neutral kaon

oy o SRS S ' . . . 2l e g by - : . ; = o
svsten demands that we vary either the length or the density of the
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combined with a regular liquid hydrogen run to give a density varia-
tion of a factor 4. This will permit optimum separation.. Such a

target is practical,.

Vacuum Ta

The decay rezion for a high energv kaon exveriment becowmes so

long that one is worried bv the amount of helium gas which nust be

[t

11

traversad by the beam as well as by the decav secondaries. The sec-

ondary pions multiple scatter here and some resolution is lest. Of
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Otha” Igﬁﬁﬁ

Since the proposed kaon area is likely to be rather remote from
the main- end stations, special notice will have to be taken of the
usual requ ents for electric power and magnet cooling. The mag-

net we contemplate using reguires up to 800 kw of power, -Our elec-

g

DP-15 computer will represent rather

Lt

tronic eguipment and the

standard 115 V loads.

The large 1iguid hvdrogsn targets and the long vacuum chamber

4a o - 2 F o R = = 1. - & o

are tne primary saiaiVv nazaras. Jther seconcarv nezards are e usual
oo 1 A o e ra B P B el P14 my riihs mioh
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V. Logistics and Support

The proposers of this experiment in collaboration with others
as stated above expect to provide all the apparatus required for the
experiment not explicitly requested of NAL in Section I1II. This

includes the large magnet, its associated wire chambers. all counters

and electronics, plus a small on-line computer. We are investigating the

-

ossibility of a diesel generator for the magnet if this is thought to
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saves money besides., With the size and cost of experiments rising
so rapidly, we expect this to become a standard approach.

Finally, with regard to time schedules, we wish to pomplement
the ebullient spirit of the laboratory by getting our arparatus
ready to ship to Batavia by summer of 1971, In this wav, if all
goes well, an experiment of major importance can be performed with

the first 1016 protons accelerated to 400 CeVl

Beam Reaquested

Our experiment needs 300 hours of accelerator operation at
400 GeV with a dutv cycle of 0.1, with 107" protons/pulse interacting
- J ? b ks <

on the target.

&



Apparatus Requirements

Apparatus

Supplier
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Fstimated Cost

Magnet (requested from CEA)
Moving magnet
Magnet measuring

Power supply (750 kv regulated, variable
only over small range)

Wire spark chambers (40,000 cores)

Seintillation counters (some existing)

Beam pipe -;ﬁ“-ﬁ‘"~““*--~__*mu__~Nh~‘
Collimator : :

Target
Concrete Pad or building
Computer (PDF15) 1/2 bouzht

Flectronic equipment, 1/2 bought

n

¥

Lead and steel abscrbers for slectromag-
netic and hadron absorbers io
trigger

CEA
Harvard

Harvard

NAL?

PFarvard
Harvard
We hope
NAL can
provide
them

Harvard
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All other processes must be due to beam interactions in
the target. This means we must have a very good anticoinci-
dence counter just downstream of the target and preceding the
vacuum tank which constitutes the decay space. We can expect
another small trigger rate from accidental coincidence, but
we do not expect this to be large. All told, we expect ocur
trigger rate to the spark chambers not to exceed the number
of 27 decays by more than a factor of two. The 27 events
wili be primarily due to coherent & "KS regeneration and non-
coherent KLoK regeneration at small momentum transfer. Wea

expect neutron induced K, s to be vetoed very efficiently by



APPENDIX C
FKAON YIELD AND EVENT RATE

beam anple that is practical with an internal target

The minimum
. . 11 . . ,
is 7.0 mr. We assume 10 interacting protons per pulse at 400 CeV

with a dut 0.1, These numbers are derived from the NAL
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¥ and K opreduction at the same enerzies and angles. Falf the neu-

tral kaon filux survives as a beam of ¥, One nhalf of this flux can
i
be assumed to be lost in the gamma rav attenusator preceding the firse
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increase appreciably from 200 to 400 GeV. Such an assumption should

7

With the asgsumptions above, assuning a solid angle of 2.5 x 10

ster, and a detection efficiencv of 75%, we obtain the fluxes and

w

events shown in Table 1. Again, we nust consider these as estimates
1 ] d - 1 2 . 1

rather than fived pumbers. The error cuoted for (£57/p?) is based

upon a target of 5 meters of liguid hvdropen and a constant asvep-

totic cross section difference of 3 mb, The number of hwours shown

hona to provide a more
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APPEXDIXY D

RUNNING CONDITIONS

Target full/Tareet empty determination of the regencration ¥ » 27

rate from the liquid hvdrope

Let us assume we

o

given (560m) decav volume

1) hvdrogen target full (densitv, d = 1)
2) hydrozen target empty (d = 0)
3) hvdrosen target at reduced densitv (d ~ 1/5)

The measurement 3 1s necessarv since th
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APPENDIX E

SCHEDULE FOR EXPERIMENT PREPARATION

Because of the early suggested time of the experiment, it is
important to show that we can prepare the experiment quickly.
At Harvard we have built good, large wire chambers with magnet—

ostrictive read out. Some exist and could even be used for this

experiment,

However we believe that an YAL experiment deserves the superior

multispark efficiencv available with the core read out chambers.,

Fowever we have exnerimental numbers on the time to make these cham-

" R ~ oTIN
bers: we will copr the CIR]

Dctober 1970: Bid on spary chamber frames

Novenber, December

- * - v .
1970 Contruction of spark chamber
Januarv-ipril 1971 Winding of snark chambers {4 per monthy
~r 1OV bl g . ]
av 1971 Tesr of chambers




Computer Delivery Schedule

April 1970 PDP 15 ordered (less maz:

E-2

October 1970 PDP 15 arrive; program writing and test of
read out begins

Order magne
Tape drive

Final test

Electronic

1975 Modify CERN
Qctober 1970 Order cores

tic tape dr

arrives

4

of prozram

core re
rrame)




